protein and/or energy supplementation is generally practiced, depending on forage conditions (Peel 2003) .
Numerous technologies and management practices are available to improve biological and economic efficiency of stocker operations. Examples include anabolic implanting, setting proper stocking rates, correctly administering intramuscular (IM) injections, marketing cattle in uniform lots, using risk management tools, and drafting a long-term business plan (Hart et al. 1988; Dexter et al. 1994; USDA-APHIS 2000; Schmitz, Moss, and Schmitz 2003; Avent, Ward, Lalman 2005; Doye 2005; Reuter, Highfill, and Lalman 2005) . Little research has been undertaken to identify the current production and management practices of stocker producers.
Core components of stocker production include nutrition, pasture management, quality assurance and animal health, marketing and risk management, genetics, and business management. Each management area offers opportunities to add value to the product and/ or reduce costs of production.
Determining factors affecting producer adoption of recommended management practices (RMPs) 1 is of interest. Why are recommended production and management practices not being implemented in certain cases? Is there a definable category of producers who are not adopting new information and technology to whom educational programs could be targeted? The objectives of this research are to document the degree of adoption for selected management practices and to identify factors that influence adoption of RMPs in Oklahoma stocker operations. Findings will enable researchers and Extension staff to determine how to best direct, or perhaps redirect, research and educational programs to achieve the goal of high adoption levels of RMPs within various production systems.
Stocker Cattle Recommended Management Practices
Technologies and management practices that increase either economic or biological efficiency are frequently recommended to producers for adoption by Extension educator, for example, using implants, setting stocking rates to match forage resources, using proper injection sites, selling in uniform lots, utilizing risk management and business planning tools. Research has shown that anabolic implants are one of the most cost-effective technologies available to cattle producers as producers can expect a 10-15% improvement in average daily gain (ADG) over non-implanted controls (Reuter, Highfill, and Lalman 2005) . Implants increase the rate of growth measured by ADG as well as the metabolic and economic efficiency of growth.
Implanting calves provides the capacity to increase weight gains by 8-20% during the grazing season (Selk, Reuter, Kuhl 2006) .
Since forage utilization represents a critical cost factor in stocker production, knowing how to set a proper stocking rate is key to stocker profitability. Setting proper stocking rates ensures that plants will recover from grazing during the growing season, the quality of the available forage will be maintained, and animal performance will be optimized (Hart et al. 1988 ).
Manipulation of stocking rates and duration of grazing is necessary to optimize range management and ensure profitability.
Injection site lesions arise from the administration of intramuscular (IM) injections. The incidence of blemishes in top sirloin beef is approximately 11% of carcasses and results in a substantial loss to the beef industry (Dexter et al. 1994 ). Blemishes result not only in visual defects but also require further processing, resulting in increased toughness in the end product and therefore, an undesirable consumer eating experience. State and national industry leaders and educators have made an effort to inform beef producers of ideal injection practices, namely administering intramuscular and subcutaneous injections in the neck region of the animal. Losses to the beef industry from injection site blemishes are thought to primarily originate from the cow-calf and stocker levels, or early in the finishing period (USDA-APHIS 2000).
Production and feeding efficiency is increased with larger, more uniform lots of cattle and a premium is often paid when purchased cattle are pooled into uniform lots (Avent, Ward, and Lalman 2005) . Uniform lots may consist of cattle with a similar frame, muscling, weight, and breeding. Jones et al. (1992) and found feeder cattle transaction price differentials to significantly differ between uniform and mixed cattle lots. Using 2001 -2003 data, Ward, Ratcliff, and Lalman (2004 found that average sale price increased $1.91/cwt for cattle sold in uniform lots.
Feeder cattle prices are among the most difficult to predict due to a constantly changing demand for slaughter cattle attributed to changing feed prices and shifting demand in both domestic and international markets. Utilizing futures and options contracts are among the risk management strategies available to producers when marketing cattle. Selective hedging strategies in live cattle markets have been found to decrease the volatility of returns while increasing profitability (Shafer, Griffin, and Johnston 1978; Schroeder and Hayenga 1988) .
The stocker enterprise is in essence a margin business with highly variable input and output prices, primarily reflected in stocker calf purchasing prices and feeder cattle market fluctuations. Business planning for a stocker operation is particularly important, yet often neglected by producers. A business plan defines the operation's goals, identifies limitations, and includes financial plans. Livestock are realistically matched to land resources, appropriate markets are targeted, and financial resources are identified. A business plan can be particularly useful for stocker operators since it can serve as an important reference for producers seeking financing. The ultimate goal of business planning is to move the enterprise in a direction so that a producer's goals and objectives will be fulfilled and to provide a feasible operational/ financial plan for fulfilling those goals (Doye 2005) .
Adoption of Technologies and Management Practices
Examining the factors affecting the adoption of technologies has long been a focus of agricultural economics research (Griliches 1957; Rogers 1983 ). Griliches (1957) Trialability was explained as the potential to experiment with the practice on a smaller scale and observability related to the degree to which the producer had the ability to see the results of the implemented practice.
Farm size has frequently been identified as a significant determining factor in the adoption of agricultural innovations (Just and Zilberman 1983; Popp, Faminow, and Parsch 1999; Diederen, et al. 2003; Gillespie, Basarir, and Schupp 2004; Rahelizatovo and Gillespie 2004; Ward, et al. 2008; Banerjee, et al. 2008 ). Just and Zilberman (1983) Technology adoption has also been found to be contingent upon the degree to which a producer's net household income is generated from the operation. A greater concern for economic efficiency exists when the total percent of household income from the cattle operation is high. Non-adopters of BMPs tend to be less dependent upon the operation as a generator of household income (Gillespie, Kim, and Paudel 2007) . Vestal (2005) examined management practice adoption among Oklahoma cow-calf producers using chi-square analysis. Producer groups consisted of large, income dependent, and small, non-income dependent producers.
Numerous statistically significant differences were identified between the two producer groups pertaining to nutrition, herd health, marketing and risk, and business management practices with large, income dependent producers more likely to adopt recommended practices. Net household income was a factor in adopting precision farming technologies in the cotton industry examined by Banerjee et al. (2008) , where income levels greater than $50,000 were significant in the adoption of GPS guidance systems by cotton producers. Gillespie, Kim, and Paudel (2007) analyzed adoption rates of 16 BMPs related to beef production in a study that focused on reasons for non-adoption and factors influencing non-adoption. Most frequently adopted BMPs were those that resulted in immediate economic benefits, such as grazing management practices and mortality plus nutrient and pesticide management. Non-applicability and unfamiliarity were the most commonly cited reasons for lack of BMP adoption.
Specialization has been found to be a significant variable affecting technology adoption in the dairy industry. El-Osta and Morehart (2000) found specialization increased the likelihood of dairy producers having increased technical efficiency. Furthermore, specialization and use of management-intensive technologies were among the factors affecting the likelihood of a farmer being a top performer in the industry. However, diversification in both beef and dairy production has also been shown to influence technology adoption (Gillespie, Basarir, and Schupp 2004; Gillespie, Kim, and Paudel 2007) .
Human capital characteristics such as age, education, and experience represent another frequently identified factor influencing technology adoption (Traoré, Landry, and Amara 1998; Caswell et al. 2001; Daberkow and McBride 2003; Diederen et al. 2003; Gillespie, Basarir, and Schupp 2004; Rahelizatovo and Gillespie 2004; Vestal 2005; Gillespie, Kim, and Paudel 2007; Banerjee, et al. 2008) . Education, in particular, was often demonstrated to have a strong positive effect on the adoption of information-intensive technologies as exemplified by Caswell et al.
( 2001), a study analyzing the adoption of agricultural production practices specifically relating to nutrient, pest, soil, and water management across differing natural resource regions. Gillespie, Basarir, and Schupp (2004) found that education increased the likelihood that Louisiana beef producers chose alternative marketing arrangements such as private treaty or strategic alliances.
The study also found that younger producers who had greater contact with county extension educators were more likely to retain ownership of their cattle. Similarly, age had a negative effect on adoption of precision farming technologies in a study conducted by Daberkow and McBride (2003) . However, in the study conducted by Banerjee et al. (2008) which analyzed factors affecting adoption of GPS guidance systems, adoption of other precision farming technologies was found to have a larger impact on adoption probabilities than age and education variables. Analysis of steps in the BMP adoption decision by Lousiana dairy producers were examined by Paudel et al. (2008) where visits between producers and the U.S. Department of Agriculture Natural Resource Conservation Service was found to increase BMP adoption probabilities. In addition to operation size and income dependency, Ward et al. (2008) also used logit models in which age, education, and farm objectives were identified as positively impacting adoption.
When considering the adoption of BMPs, the entire farm production system must be considered since the profitability of various technologies can be influenced between varying production locations (Fernandez-Cornejo 2007; Caswell et al. 2001) . Likewise, heterogeneity of the resource base has been shown to influence technology adoption and profitability (Green et al. 1996; Thrikawala et al. 1999 ). Subsequently, climate, soil fertility, pest infestations, distance to markets or availability of information can all serve as factors which affect the profitability and adoption of certain technologies and management practices. Site-specific data was used by Caswell et al. (2001) accounting for such factors.
Studies thus far have not investigated the implementation of specific management practices in the stocker industry. Furthermore and of notable importance, RMPs have not been evaluated in specific stocker production systems. This consideration is essential to stocker management due to the diversified nature of the stocker industry.
Data Source and Summary
The Oklahoma Beef Cattle Manual (Lalman and Doye 2005) , written by sixteen lead authors from six academic disciplines, was distributed through local Extension offices, producer meetings, and by e-mail request from an Oklahoma State University (OSU) website (http://agecon.okstate.edu/cattleman/). Producers who received a copy of the Oklahoma Beef
Cattle Manual through 2006 were asked to complete a "Beef Cattle Management Practices
Assessment." Two surveys were distributed: one for beef producers with only stockers and a second for those also with a cow-calf operation.
The survey documented current management practices of Oklahoma stocker producers in the areas of production, forage and introduced pasture, quality assurance and animal health, marketing and risk, genetics, and business planning management. The survey asked 54 questions with the majority of the questions being presented in 1-7 Likert scale. Other questions asked respondents to fill in blanks with percentages and numerical values. Producers were also questioned regarding operational characteristics, importance of specific farm objectives, extent of off-farm work, dependency upon income generated from the stocker operation, and aspects of human capital in addition to questions examining other demographic variables. For this study, surveys from 186 beef producers specializing in stocker production were the focus.
Methodology
For further examination of the impact of socioeconomic and operation characteristics on producers' likelihood of adopting RMPs, a qualitative choice model was required. Given a set of independent attributes and behavioral responses that are qualitative, as is often the case with many assessment studies on farm management practices, non-linear iterative methods were required to adequately measure likelihood estimates.
A binary logit model is used for estimation since its distribution function is bounded by 0 and 1 and it has computational advantages relative to the linear probability model (Amemiya 1981) . The decision to adopt each of the designated management practices was modeled by the logit equation as:
where P i is the probability that the i th producer adopts the management practice and is regressed against the explanatory variables (X i ). X i is the i th row of the n x k matrix of explanatory variables, β j is the k x 1 vector of parameter coefficients, n is the number of observations, and k is the number of coefficients.
The logit model differs from multiple regression models in interpretation of the estimated coefficients. As in the multiple regression model, the sign of the coefficient determines the effect; however, with the logit model, the magnitude of the effect of the explanatory variable on the dependent variable changes with the values of the explanatory variable. The coefficient measures a one unit change in the explanatory variable based on the logarithm of the probability ratio, or Ln[P i /1-P i )], of the producer choosing to adopt the management practice, X i =1 (adopt) or X i =0 (not adopt), and measures the likelihood that the producer adopts the management practice (Cox 1958) . Coefficient estimates are obtained using maximum likelihood estimation by finding the value of β that maximizes the log likelihood. The amount of increase in probability, or "likelihood," depends on the original values of the independent variables. The change in P with respect to a change in X measured changes in probability:
Independent variables used to measure the likelihood of management practice adoption were socioeconomic and structural characteristics of the stocker producer and operation (Table   1 ). The explanatory variables included operation size (MEDIUM and LARGE), dependency upon operation income (DEPINCOME), producer age (AGE2), education (EDU2, EDU3, and EDU4), extent of off-farm work (PART and FULL), and the value that producers placed on operation objectives such as generating income to reduce off-farm work (INCOMELOW and INCOMEHIGH) and choosing management practices that reduced labor (LABORLOW and LABORHIGH). The type of production system employed by the producer was also considered and variables were generated to categorize grazing time periods (WINTERSP and YRROUND) and forage bases (WSGRASSES and CSGRASSES). The independent variables were identified with dummy variables (either 0 or 1). The variables SMALL, NONINCOME, AGE1, NOOFF, INCOMEMED, REDUCEMED, SUMMER, and SMGRAINS were excluded from the estimated models to avoid perfect collinearity. Most variables were hypothesized to have positive signs on their estimated coefficients. However, assigning low importance to generating income to reduce off-farm work or to choosing management practices to reduce labor were hypothesized to have negative signs as was producer age. Detailed definitions of the independent variables are provided in Table 1 .
The empirical model used for the analysis was: Recommended management practices, or dependent variables, are further identified and defined in Table 2 .
Results
Estimated coefficients from the logit analysis and percentage changes in probability for each RMP are presented in Tables 3 and 4 . Mean values of the explanatory variables, referring to the proportion of producers taking on the particular qualitative attribute, were used in the logit equation to calculate the changes in probability.
Implanting
Operation size, education, and production systems based on winter/ spring grazing of small grains pasture were found to positively impact the probability that cattle are implanted (Table 3 ). Both producer age and warm season grass production systems had statistically significant negative impacts on the probability that cattle are implanted. Medium and large operations were 11.4% and 13.6% more likely to implant cattle, respectively. As noted earlier, implanting calves increases growth rates and the economic efficiency of growth; furthermore, research confirms that profitability is a factor driving technology adoption by larger operators (Griliches 1957) . For operators with more cattle, additional cattle weight gain from implanting likely equated to greater profits. In addition, the probability of implanting increased by 8.9% for producers who indicated that they primarily use a winter or spring production system based on small grains pasture. Using the same dataset, Johnson (2008) determined that a greater number of large stocker operators were pursuing a small grain based production system, a factor which might contribute to the likelihood that small grain stocker producers implant cattle. Additionally, a small grain based production system would typically be more management intensive than a summer pasture based system.
Producers who primarily graze cattle on warm season grasses were 23.5% less likely to implant cattle. Consistent with our hypothesis, producers over age 50 were 6.2% less likely to implant cattle. Despite perhaps greater years of experience, older producers were often reluctant to adopt new technology (Gillespie, Basarir, and Schupp 2004) . Post-graduate training or a professional degree increased the probability by 8.1% that cattle were implanted.
Stocking Rate
Operation size, income dependency, and warm season grass production systems significantly affected the likelihood that a producer knew how to set stocking rates (Table 3) .
Producers dependent upon income generated from the stocker cattle operation were 6.8% more likely to know how to set accurate stocking rates. These results were consistent with earlier findings that producers were more likely to adopt technologies with immediate economic benefits, such as grazing management practices, and that producers dependent upon stocker income were implementing management practices which reduce costs and/ or increase profitability. Large operations were also 4.9% more likely to know how to set proper stocking rates. Due to economies of size, the economic benefits realized from increased plant and animal efficiency will be greater for larger operations. Warm season production, however, negatively impacted this likelihood by 21.1%. Producers pursuing the wheat-stocker enterprise face complex decisions when producing both grain and beef gains from forage. Thus, producers grazing cattle on warm season grasses do not perceive setting accurate stocking rates as critically as do producers with dual purpose wheat.
Intramuscular Injections
Medium size operations were more likely to correctly administer IM injections in the neck region (Table 3) . Interestingly, Hoag, Ascough, and Frasier (1999) identified mid-sized producers as most likely to adopt specific management practices, resulting in an inverted Ushaped adoption pattern, as is demonstrated with the case of IM injections. No other statistical difference was determined concerning IM injection sites and percentage changes in probability were minimal.
Marketing Lot Type
Income dependency, producer age, and production systems based on grazing winter or spring small grains pasture as well as warm season forage affected marketing lot types (Table 3) .
Producer age was the only statistically significant factor that negatively impacted the probability that cattle were marketed in uniform lots. Producers above age 50 were 7.9% less likely to market cattle in uniform lots. Such findings corroborate with the results of Gillespie, Basarir, and
Schupp (2004) where younger producers utilized a greater variety of alternative marketing arrangements. Producers dependent upon income generated from the stocker operation were 4.8% more likely to market cattle in uniform lots. Considering the additional and immediate economic gains that can be realized from marketing cattle in uniform lots, such results were not surprising. Production systems based both on small grains pasture and warm season grasses, the two most common seasonal approaches to stocker production, positively impacted the adoption of this marketing management practice. Producers engaged in production during the winter or spring and producers grazing cattle on warm season grasses were 9.8% and 20.3%, respectively, more likely to pool cattle together into uniform lots at time of sale. Seasonal stocker producers had greater total herd numbers at specific points of the year and generally marketed cattle during a designated time frame; thus, seasonal producers had an increased herd stock to assemble uniform lots and appear to do so in a concerted effort when marketing cattle.
Risk Management Tools
Operation size and part-time off-farm work were factors which positively affected the use of risk management tools such as futures, options, and/ or cash contracts (Table 3) . Medium and large operations were 0.6% and 1.7% more likely to use risk management tools, respectively.
Interestingly, higher education levels significantly reduced the probability that a producer used futures, options, and/ or cash contracts in managing risk. Producers with some college were 5.8% less likely to use risk management tools. The likelihood also decreased by 7.4% for college
graduates. The field of study or degree attained by the producer was not captured in the data set;
thus, education levels may not specifically relate to areas of agricultural study. Additional variables capturing agricultural related education and/ or participation in extension educational programs would have perhaps shed more light on such counter-intuitive results. Part-time offfarm work, however, positively influenced the use of risk management tools by 0.9%. According to Harwood et al. (1999) , the riskiness of farm income is positively related to working off the farm; thus, producers working off the farm may be more risk averse, leading such producers to be more attentive to risk management tools.
Business Plan
Numerous statistically significant factors were identified regarding producers' probability of having a long-term business plan for their operation (Table 3) . Income dependency, some college education, full-time off-farm work, and the use of cool season forages positively impacted this probability, while producer age and the use of warm season grasses had a negative impact. Producers dependent upon income generated from the stocker operation were 7.2% more likely to have a long-term business plan. Vestal (2005) also found income dependent cow-calf producers to be more likely to have a business plan. Such results were not surprising as producers who derive a greater percentage of net income from their cattle operation have a greater incentive to maximize profit. Furthermore, the business plan aids in efficiently allocating financial resources to achieve operational objectives. Producers who indicated they had at least some college education were 5.0% more likely to have a business plan. The probability increased by 6.1% for producers engaged in full-time off-farm work. Producers over age 50 were 9.8% less likely to have a long-term business plan, demonstrating that older producers may be less concerned with expanding and improving the operation. Vestal (2005) also noted the same trend regarding long-term business plans with older cow-calf producers. Producers grazing cattle on cool season grasses were 10.1% more likely to have a long-term business plan. The probability decreased by 33.9% for producers primarily utilizing warm season grasses. Results specifically related to production system are particularly important for targeting producer groups for future extension education programs.
Conclusions and Implications
Few studies have analyzed technology and recommended management practice adoption in the stocker cattle industry. Previously, knowledge of practices in this segment remained somewhat ambiguous due to the large variety of production strategies and systems. We analyzed the probability of adoption of six recommended management practices, specifically implanting, stocking rates, IM injections site, marketing lot type, use of risk management tools, and longterm business planning. Binomial logit models were used to model adoption behavior using variables relating to farm structure, human capital, producer evaluation of certain farm objectives, and production system.
Results demonstrated a clear disparity between producer groups regarding management practice adoption behavior. Numerous statistically significant variables were identified; however, operational characteristics had the most impact upon adoption probabilities. Operation size was significant in four of six management practices modeled and positively affected adoption of each practice analyzed. Income dependency was also statistically significant for half of the practices analyzed. Despite differing production strategies for the stocker and cow-calf beef enterprises, the impacts of size, income dependency, age, and education on adoption rates were nonetheless evident.
Extension educational programs such as the Oklahoma State University Master
Cattleman program seek to enhance the profitability of beef cattle operations and the quality of life of beef cattle producers through education. However, our research results suggest that if large and small, income dependent and non-income dependent producer groups become increasingly differentiated from one another with growing disparity between rates of adoption, such programs will become increasingly advantageous to the small, income dependent producer.
This also suggests that when educational resources are limited, efforts could be targeted to the groups with the highest return on investment.
Education levels had a positive impact on adoption probabilities. Interestingly, education levels beyond a high school education negatively influenced the use of futures, options, and/ or cash contracts in most instances. Future research which differentiates between fields of education related to agriculture as opposed to non-related fields and which accounts for extension education might yield informative results. Likewise, knowledge about producer attitudes towards risk would be helpful.
Similar to previous studies, a common finding was the negative impact that producer age has on adoption rates. Producers over age 50 are simply less likely to adopt recommended practices without special incentives. Younger producers have a longer time horizon over which to recoup any costs associated with technology adoption. If age is consistently identified as a factor negatively impacting adoption of technology which is beneficial to society, incentive programs for older producers may need to be considered.
Educational programs can encourage technology adoption. Considering Oklahoma's role in beef production, high levels of technology adoption in the stocker sector have the potential to result in sizable economic impacts for the state. Thus, it is essential that producers engaged in specific areas of beef production, such as stocker production and systems with a specific forage base, are identified and targeted for extension educational programs. Until this study, technology adoption by stocker producers had not been examined in detail, nor had differing production systems been considered. Results revealed that seasonal stocker producers, primarily producers engaged in the wheat-stocker enterprise, were more likely to adopt recommended practices while year-round producers lagged behind in adoption. A better understanding of producer groups and their characteristics should enable extension educators to identify producer groups that would benefit from educational programs. While conferences targeted to wheat-stocker producers are ongoing in Oklahoma, other stocker systems have received less emphasis and could be beneficial.
In addition to having implications for educators, this analysis could interest producers. As producers gain a better understanding of the stocker industry as a whole, it is foreseeable that smaller, income dependent producers, for example, will be made aware of their status as laggards in adoption. This could spur adoption as the practices analyzed in this study should not be limited to larger operators. Economies of scale, for example, should not hinder producers from implanting cattle, being knowledgeable in setting proper stocking rates, knowing where to properly administer injections, marketing cattle in uniform lots, using risk management tools, or having a long-term business plan. The same is true for producers pursuing differing production strategies.
Limitations of this research should be mentioned. Data generated from the survey 
